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8.1 INTRODUCTION

Sprouts are considered a natural healthy lood: by many. consumers in the
US. and elsewhere. The North American sprouting industry has grown
rapidly from only a very few commercial growers m 1970 to approximately
300 growers today with a total product market waluc of approximately
B250,000,000 {1]. Over 20 sced types are used for sprouling in commercial
operations and in the home [2]. Commercial sprouting operations are indoor
facilities and in the U.S. are usually small 1n size with less than 10 emplovees
{31, Distribution of sprouts to retail-outlets is local or regional.

Sprouts can be classified as cither green sprouts or bean sprowts. Green
sprouts such as alfalfa, clover, broceoli, radish, and sunflower have been
subjected to light at some point in the growiag process to allow for chlorophyil
development. Bean (mung bean and soybean) sprouts are propagated nnder
continuous dark and thus do not produce chlorophyll. Mung bean sprouts
make up the major portion of the market for sprouts in the U.S. Green sprouts

Mention- of trade names or commercial products in this chapter is solely for the purpose of
providing specific information and does not imply tewmmendwtmn ot endorsement by the U.5.
Pepariment of Agriculture,
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are consumed raw while bean sprouts are nmst often, but not alwavs, served
after at least light cooking. - :

Unfortunately, since 1995, both in the i, ‘) and in mher Cmmtne», there
have been numerous outbreaks of foodborne illness due to the consumption of
sprouis contaminated with the bacterial pathogens salmonella and Escherichic
eoli 0157 [4,5] Raw sprouts were identified as a special food salety problem
due 1o the poteniial for bacterial human pathogens Lo mubltiply from low levels
on contaminated seed Lo high levels on sprouls duc to favorable conditions
of moisture, temperature, and nutrient availability during the sprouting
process [4]. The US. Food and Drug Administration (FDA) has released a
number of consumer advisories informing the consuming public about the risks
associated with ecating raw sprouts, the latest occurring in November 2005
6L and raw sprouts are considered a “potentially hazardous food” in the
FDA Food Code [7]. The consumer advisory states: “"Those persons who wish
to reduce the risk of foodborne sliness from sprouts are advised not to eat raw
sprouts.”” Particularly vulnerable to foodborne iliness.are the young, the
clderly, and the mmunocompromised. _

This chapter provides an overview ol the incidence aﬂd causes of sprout-
refated foodborne flness, inferventions that have been tested for clminating
humun pathogens from sceds and sprouts, means for reducing the risk of future
outbreaks, and finally, further research needs.

8.2 FOODBORNE ILLNESS ASSOCIATED
WITH SPROUTS

Several foodborne human pathogens have been isolated from sprouts and
mmu:‘nptms& of contaminated sprouts has been associated with numerous
outbreaks of foodborne iliness in the U.S. (Table 8.1). Some of these outhreaks
have been international in scope due to the international distribution of sprout
seed [10,12,24,25). In addition to these in the U.S., sproaterelated outbreaks of
foodborne illncss have been reported in several other counirics ncluding
Canada, Japan, Sweden, Denmark, Holland, Finland, and the UK., [4,5]. The
earliest documented outbreak in the 1.8, aceurred in 1973 and was associated
with consumption of raw sprouts grown with home sprouting kits containing
soybean, cress, and mustard seed contaminated with enlerotoxigenic Buciflug
cereus {81 There were no additional sprout-related outbreaks of foodborne
illness recorded in the U.S. until 1990, Since 1995 there have been many
outbreaks due to contamination of alfalfa and clover sprouts with various
serovars of salmonella or E. colf O157, The first foodborne outbreak due to
mung bean sprouts in the U.S, occurred in 2000 due to contamination with
salmonelia [9]. Previcusly, the only documented mung bean-associated
outbreak of salmonellosis took place in England and Sweden in 1988 [26]
The number of culture confirmed cases in the U8, has ranged from less than
10 to over 400 per outbreak. The actual number of cases was most likely
much higher due to the sigmificant underreporting normally encountered for
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TABLE 8.1 o o . _ ‘
tncidence of Foodborne illness Due to Contaminated Sprouts in the U.S.
MNao. of -
culture
_ : . ~ confirmed
Year . Bacterium . s Location Sprout type  cases Ref,
1973 Bac !/f’f? cerons COTX Sovhean, 4 8
' : E - cress, mustard
1950 Salmonella Anatom WA o Alaia 15 9
1995 . Saimonelia Stanley - . V7 states/Fioland Alfalfa R L
1995 Sabnenelia Newport | . OR Allalfa 69 9
19951996 Salmanello Newport 7 states/Canada/ Alfalfa Sk 5,11
o Denmark ' 12

1996 - Salmonella Stavley VA - Alfalfi 30 o
1996 - Salmonells Monteviden; CANY. Atfalfasclover 492 13

; Meleagridis R ] ;
9er Safmonedn Infantis/Anatum KS/MO Alfalfa 104 5.
1997 Escherichip cofi Q15747 Muliistaie Alfalfa 85 914
FOO7- 1908 Salmanefia Senftenberg CANY Alfalfa/clover 60 t3
1998 Safmonefln Havana/Cobana  Mullistate Alfalfa 4y B TR
1993 ‘ Escherichia colt O1STNM - CA/NY Clover/falfalfa 3 13
1999 o Safmonelle Mbandaka . Mulstate .. Alfalfa 87 916
1999 Sabnonelia spp. M ) Alalfa 34 g
1999 Safmonetla Typhimurium €O, CT _ Alfalfajelover 119 Y
1969 ) Salmanella Saint Panl CA Clover 36 9
1949 Salmonelfa Muenchen Multistate Alfalfa ~15% 5
2000 elfa Enteritidis PT33. Multistate Mung bean- - 75 0 90190
2001 Safmonelfo Kottbus Multistate o Alfalfa 3 i
AL 0] R Selmonelly Boleritidis FTL HI Mung bean . 26 21
2001 Salmonella Enteritidis PTO1Y FL Mung bean 335 9
2002 X hin coli OI5THY CAINY Aldfalfa 3 18
2002 Sulmopnella Boteritidis " ME cw 7 Mung bean - fe 23
2003 o Salmionelly Saint Paul - OR/WA S Atalfa 8- 2
403 . Escherickia cofi OUSTINM . CO/WY . . Alfalla. - 12 22
2003 Escherichin coli QLITHT MN . Atfalfa 5 ) 23
2003 Salmomelio Chester COR 0 Alalfla 24 2
Safmonelia Bovismorbificans Multistate Alfalfa 28 22
Eschoriehia coli G157 NM o GA Alfalfa 5o 22

foodborne ilinesses [27]. The first recognized sprout-related outbreak due to £
cofl G157 HT occurred in Japan in 1996 and was associated with contaminated
Daikon radish sprouts. To date this is the largest recorded foodborne outbroak
due to contaminated sprouts worldwide with well over 7000 confirmed cases
{28,29]. The fst recorded sproui-related out%reak of foodborne iliness in the
U.5. due to contamination with £, cofif O137H7 was m 1997 {14]. Contam-
mated sprout seed s thought to be the primary source of the pathogens
responsible for most sprout-related outbreaks of foodborne iliness [4,5]. This
conclusion is based on direct isolationsof pathogzens from seed of implicated
lots and/or epidemiologicabevidence: : S

R7563-03
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Several studics have indicated that salmonella and E. coli O157:H7 present
initially on artificially as well as naturally contaminated seed have the potential
to increase up 1o 10,000-fold on sprouts propagated at 20 to 30°C. The majority
of growth of salmonella and £. coli O157:H7 on sprouting seed occurs during the
first 48 hours. For sprouts grown [rom artificially inoculated seed, maximum
papitations of salmonella and E. ¢coli O157:H7 ranging from 5 to 8log,g colony-
forming units (CFUYg have been reported [30-39]. The maximum pathogen
population obtained was not dependent on the initial inoculum level present on
the seed [36). For comparison, populations of total aerobes reported for sprouts
typically range from 7 to 9 logyy CFU/g [30,40-42]. For salmonella on alfalfa,
thedoubling time wasestimated at47 minutesduring theinitial rapid growth phase
and growth was not dependent on pathogen serovar, isolation source, or virulence
[33], Populations of salmonella and E. coli O157:H7 were stable from 48 hours
o harvest at 3 to 5 days and then declined only slightly during subsequent storage
of contaminated alfalfa sproutsat Sto 9" Cfor 6 to 10 days{33,34,37]. Populations
of B. cereus on sprouts grown {rom naturally contaminated allalfa and mung
hean seed reached approximately 4 log;s CFU/g [43]. The maximum pathogen
populations attained during germination and growth of naturally contaminated
seed under commercial practice may be several logy, units less than that for
artificially inoculated seed [44]. Maximum populations of salmoneila attained on
alfalfa sprouts grown from two different fots of naturally contaminated seed were
only 2 10 4logy MPN/g forsalmonella. Thereduced growth may be due to several
Factors. The first is the much Jower overall contamination levels on naturally
contaminated seed when compared to even the lowest mtial pathogen popu-
lations utilized forlaboratory studies. Second, pathogen populations on naturally
contaminated seed may contain a higher percentage of injured cells. Third, differ-
ing methods of irrigation and increased irrigation frequency employed in
commercial operations may affect the final pathogen populations attained.
[nterestingly, salmonella serovars attach more tightly to surfaces ofalfalfasprouts
than do strains of £. cofi O157:H7 and the difference in strength of attachmeni
was proposed to explain, at least in part, the greater number of outbreaks o
{oodborne illness associated with contaminated sprouts due to salmonella [39].

Srudies in several independent laboratories have indicated that bacterial
human pathogens can be internalized in sprouts. By use of immunofluores-
cence aud scanning immunoelectron microscopy, E. coli O157:H7 was located
in stomata and the vascular system of radish sprouts grown from inoculated
seed [45]. Rioluminescent Salmonefla Montevideo and various salmonells
serovars cxpressing the autofluorescent green-fluciescent protein were alsc
located in the internal tissues of mung bean and alfalfa sprouts, respectively
after inoculation of seed of roots [38,45,46]. The mode of entry of bacteria
human pathogens into plants remains unknown, but it is ikely due to passive
uptake at the site of injury where lateral roots emerge [46,48), as salmonelic
and K. coli O13THT have not been reported to excrete cell-wali-degrading
enzymes (e.g.. pectinases or cellulases) that might facilitate active entry
Pathogens may form biofilms. on sprout surfaces. and/or become part ol
biofilms produced by native microorganisms {49,50} (Figure 8.1).

R7563-04
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FIGURE 8.1 Biofilm consistitig of native bacteria on the surface of an alfaife sprout
hypocotyl. ' ' '

8.3 INTERVENTIONS: SEEDS
8.371  Cuemical AND PHYSICAL

Sanitizing sprout seed presents a unique challengé in the arena of produce
safety in that even a low residual pathogen population remaining on contami-
nated seed afler treatment appears capable of growing to very high fevels (up to
8 log)p CTU/g) due to favorable conditions of moisture, relative humidity,
teraperature, and putrient availallity during seed germination and subsequent
sprout growth [51,52], In addition, after a sanifizing procedure. seed germina-
tion as well as sprout vield and quality aged to be maintained at commercially
acceptable levels. In 1999, based on research available at the time, the FDA
published guidance documents recommending that eemmercial sprout growers
treal sprout seed with one or more antimicrobial treatments such as 20,000
pom of Ca(OC that have been approved for reduction of pathogens on-seeds
or sprouts, with at least one approved -astimicrobial treatment apphed
immediately before sprouting [53], Also, in 2000 .the FDA and the Califorma
Department of Health Services, Food and Drug Branch jointly released a food
safety training video [54] for use by commercial sprout growers. The video,
based on the FDA guidance documents, contains a recommendation-to ireat
sprouf seed with 20.000 ppm available chlorine from Ca{OCl), for 15 minutes
(continuous mixing) with potable water rinses both before and afller seed
treatment. Since sprout seed 1s considered a raw agricultural product, chemical
seed treatments are-subject.to approval by th» .S, Environmental Protection
Agency -and not the FDA RREER:
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Population i‘&dﬁCﬁOiﬂS‘i‘apDﬁEd' after: treatment of alfalla seed artificially
inceulated with salmonella orEieoli 0157 H7 usmw 16,000 to 20,000 ppm of
available chiorine iaﬁ\djmd,COH%dLYﬁﬂyZHnOHQ dﬁﬁxentiabonﬁorms but
usually arc in the range of 2 to 4 logm (Table-8.2). Lesser reductions were
achieved afler chainlc:nts"ﬁzith Jower aniounts of _chlmme A number of factors
likely contribute to the variability-in fesults. Such factors include the percen-
tage of treated inoculated seed: with broken, ¢racked, or wrinkled seed coats
[81], differences in the initial pathogen pupuiati‘@'ﬁ o the seed, the extent of
mixing of sanitizer during treatment, the inital veganicload on the seed, and
the use of rinse steps before and after seed fréatment. Ez.mm studics have been
done with relatively: fow initial patlwgm populdnom on the seed allowing
for maximum popuiatmn reductions-of 2.t0-3 Joggg- One consistent finding
ameng the various laboratories i that the two. pathogens when arlificially
inoculated onto sproiit seed:are not eliminated even by treatment with 16,000
to ”*0 000 ppm of available chlorine for 10 to 15 minutes,

The findings for similar studies with ;mmmi{y Lontamm’md seed are not
consistent among &bOId'{OHLS (sce bel GW)

Investigations of recenf foodborno outbreaks of qaimonei osts due to
contaminaied sprouts indicates that treatment of sprout seed with high levels
of chlorine by commercial growers reduces, but may not always eliminate,
the risk of human illness [16-18,20]. The inability of seed treatments with high
levels of chlorine to always ensure a pathogen-free seed under commercial
practice may be due to several factors including the use of differing protocols
for administering seed treatments at grower locations. Also, the particular sced
treated, if naturally contaminated, may differ in the level of contamination
present and the location of the pathogens on the contaminated seed (e.g., deep
in cracks, crevices, and/or natural openings) {Figure 8.2). The ahility of bac-
terial human pathogens to be internalized in seed under natural conditions
in the field is not known, but seeds in general can harbor internalized native
bacteria {821 If present in internal {issucs of the seed, pathogens may escaps
contact with chemical sanitizers.

Numerous chemical trealments in addition to chlorine as well as several
physical treatments have been tested individually or in combination for elimi-
nating pathogens from artificially inoculated sprout seed. To date there are few
reports of stand alone chemical or physical interventions capable of eliminating
pathogens from artificially inoculated sprout seed or consistently achieving the
recommended 5 log, reductions [4] without significant adverse affects on seed
germination and/or sprout yvield (Table 8.2). Most ol the interventions meluded
in Table 8.2 have been tested using more than the single set of conditions listed.
Additional chemicals tested in the references cited, but not included in Table 8.2,
AFE AQUEBOUS awtiu acid, caleinated calcium, carvacrol, cinnamic aldehyde, citric
acid, Citricidal® (NutriTeam, Inc., Reston, VT, Citr oBiot™ (e Pangermes)
{CitroBio, Enow Sarasota,  FL), Environné Fruit and Vegetable WashTM
(Consumer Health Research, Inc., Brandon, OR),ethanol, eugenol, linalool,
methyl jasmonate, sodium carbondte, sodium hypochlorite, thymol, frans-
ancthole, trisodium phosphate, Tsunami 200% (Ecolab, Mendota Heights,
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FIGURF 8.2 Scanning clectron micrograph of alfalfa seeds showing extensive cracking
of a seed coat and natural openings: C, crack in the seed coat; H, hilum; M, micropyle.

MN3, Tween 80, \%gi»cleanrw {(Microcide, Inc., Detroit; MI). and Vortex®
{Heolab). Treating with agueous chemicals at elevated temperatures can lead
to greater reductions of pathogen populations on seed; but is often detrimental
to seed germination {831 Addition of high levels of the surfactant Tween 80
(1%, w/v).to 1% Ca{OH), led to only an additional 1 log,, reduction or less
in the population of salmoneclla on alialfa seed 162,63]  Sonication of seed
during treatment with agueous antimicrobial compounds also did not have a
significant effect; only slightly increasing the logy kill obtained [68,831
Treatment with gaseous acetic acid was reported to eliminate both salmo-
nella and E. cofi GISTHT, but not Listeria monovytogenes, from artificially
inoculated-mung bean seed without reducing seed germunation [S51 - Sumilar

B0

treatments of inoculated alfalfa seed led 1o etther unacceptable reductions of
seed gormination {84 or were not effective [56]. Hot water treatments of alfalfa
seed moculated with generic £ cofi were reporied 1o eliminate the bacterium
791, but results: both with aifalfa seed arvificially inoculated with human
pathogens as well as paturally contaminated seed have not been as promising
due to lowerad effectiveness and/or detrimental effects on seed germination
[34,85]. Under commercial practice, the ability of hot water treatments {0
ensure consistent elimination of bacterial human pathogens from alalfa seed
was put into question by i recent multistate outbreak of salmonclosis due to
contaminated alfalfa sprouts grown from seed treated with hot water followed
by a soak i low levels {2000 pom} of chlorine [20]. However, a recent-labo-
catory study indicates that treatment of mung bean seed with hot water may be
an effective seed-sanitizing step. Treatment of seed inoculated with salmonella
at 55°C for 20 minntes, 60°C for 10 minutes, or 70°C for 5 minutes fed to
an approxumate 5 log,, reduction [80]. “Lreating sged: at. 80°C for 2 minutes
was even -more-effective. resulting inean over & logu reduction. MNone of

R7563-09
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these temperature/ tme freatments: Ld to a é&.chdsb m’ wmma‘tmn of the
{reated seed. : SIRREEN : :

There have beeti-a \/em mm‘ted number of gmdzes ol seed wanitization using
naturally contaminated rather than d]‘tﬁﬁ@‘iéﬁy inoculated seed and these studies
nc}v‘ evaluated the efficacy of hot water and chlorine treatments only HJ 65,

} The use of naruraily contaminated seed rather than artificially inoculated

eed may give 4 WOTC accurate prc,dictmn Gf the: efhcaq of seed treatments
mr sliminating bauugai human' pathogens il commercial practice. This may
be due to di tfuenu,a in bacterial populations per.gram of seed (normally much
lower on naturally contaminated sced’ than on artificial iy contaminated seed
used for laboratory stidies), poss1bic differences in thé location and physio-
logical status of the pathogens and the poteniial presence: of pathogens in
biofilms, In centmst to studies with amiicmﬂv mocubiated seed treated with
high levels of chlorine, research conducted independently in two laboratories
using alfalfa seed lots naturally contaminated with salmonella indicated that
ireatiment with chlorine (unbuffered and buffered to neuiral pH, from 2,000 to
20,000 ppi) completely eliminated the pathogen [65.85]. However, a third
laboratory published contrasting resubts using 20,600 ppm of unbuffered active
chlorine also using sced naturally contaminafed with salmonella [44]. The
reasons for the dilfering results betwsen laboratories may include differences in
the degree of mixing during sced treatment as well as differences in the popu-
fation and location of the pathogen on the particular natarally contaminated
seed tested even if originating from the same sead lot,

Several physical treatments have also been tested forsanutizing sprout seed
{Table 8.23. In 2000 the FDA approved exposure of sprout seed to lonizing
radiation at doses up to 8 kGy [86], Treatment with ionizing radiation can
significantly reduce bacterial pathogens on sprout seed. Exposure of inoculated
alfalfa seed to 2 2 kG dose of gamma irradiation. led to a 3.3 and 2.0 logyc
veduction in £, cofi O15T:HT and salmonella populations; respectively, while
s1ill maintaining commercially acceptable vields as well as nutritive values of
sprouts grown from the treated seed [71,87,88]. Higher dosages led to
unacceptable reductions in vields. For alfalfa sced naturally contaminaled
with salmronella and treated with gamma radiation, Thaver ¢f al, [89] reporled
a P-value of 0.81 kGy. An absorbed dose of 4 kGy was requited to eliminate
the pathogen. a dosage Lhat results in significant reductions in yield, A required
dosage of 4 kGy for pathogen elimination along with a D-value of 0.81 kGy
indicates that individual naturaily contaminated seeds may harbor pathogen
populations in excess of 4 log,e CFU. Electron beam radianon or use of
wo-called soft electrons (low-energy electron beam, encrgics =300 kV) may alsc
he useful Tor reducing pathogen populations on the surface of seed [90) but
both have lewered penctration ability compared to gamma radiation.

Yarious treatment combinations (hurdle concept} for reducing contami-
nants on sprout seed have also been tested. Bari ef al. [68] reported that the
combination of dry heat {50°C, 1 hour) followed by treatment with hot acidic

electrolvzed oxidizing {EQ) water and senication was able to reduce popula
tions of £, coli 015717 on artificially incculgtedmung bean seed by 4.6 log,,,
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but the combination treatment was less effective when tested against inoculated
radish and alfalfa seed. Seed germination and subsequent sproul-growth were
not adversely affected. In the same study,-a dry heat (30°C, 1 hour) seed
treatment in combination with expesurc to 2 to 2.5 kGy of gamma radiation
led to the elimination of the pathogen on mung bean, radish, and alfaifa seed,
but resulted in decreases in vield, most signilicantly for mung bean and radish.
Lang er al. 152} found that successive treatments of alfalfa seed artificially
inoculated with £, cofi O157:H7 with lactic acid and chlorine (2000 ppm) were
slightly more effective than lactic acid treatments alone, but-were Jess effective
than high levels of chlorine (20,000 ppm). Sharma ez al. [91] found that treat-
ing alfalfa seed inoculated with E. coli O157:H7 first with ozone {continuous
sparging in water) followed by a dry heat treatment (60°C, 3 hours) led to-a
greater than 4 log,o reduction of the pathogen population, bul survivors were
detected by enrichment. A sequential washing treatment with thyme oil (5 ml/l)
followed by ozonated water {14.3 mg/l) and agueous ClO» (25 mg/d) led to @ 3.3
log,, reduction of I el O157:H7 on inoculated alfalfa seed [92]-

The large body of research reported subsequent to the release.of the
FDA gnidance documents [33] indicates that several alternative chemical and
physical treatments may be similar or greater in efficacy to high levels of chlo-
rine for reducing pathogen populations on sprout sced. For sanifizing aifalfa
seed such troatments melude seed soaks in 1% Ca{OH)., 1% caleinated cal-
cium, FIT?, 894 H.O,, or 2% CITREX™ [6263,67,69,83.93]. For sanitizing
mung bean seed exposure to-gaseous acetic acid or soaking seed in hot-water
appear especially promising [55.80). The efficacy of these alternative chemical
and physical treatments needs to be confirmed by other researchers ideally
using naturally contaminated secd. In contrast to high levels of chlorine,
several of these alternative methods of sanitizing seed may be acceptable for
use by organic growers as well as conventional growers pending any. required
regulatory approvals, The cost of some of these alternative methods to- the
commercial grower may be prohibitive, however. Cost may not be as mueh of
an issnc for home growers,

8.3.2 BiolOGICAL

In contrast to the voluminous literature concerning biological control of:plant
pathogens: [94] as well as numerous studies on- the biclogical contrel {com-
petitive exclusion) of pathogens in poultry, meat, and dairy products [95.96],
there is little published information on the use of antagonistic microorganisms
to control human pathogens on produce. The ideal biocontrol product for use
on sprout sged and sprouts would contain a nonpathogenic microorganism(s)
that is genetically stable, easily cultured and formulated using low-cost
substrates and materials, has a long shelf life, is easily applied to seeds and/ot
sprouts, is highty effective on a variety of sprout types and against several
human pathogens, and is affordable for the grower: For control of pathogens
in poultry, meat, and dairy products, single microbial strains or defined o1
undefined consortia of microbes have beert tested a8 antagonigts. :
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Most of the studies on biological control of bacterial human pathogens on
produce have examined the useiof lactic acid bacteria (LAB) as antagonisis
[95]. LAB are attractive candidates for commercial biological control agents
due to their common occurrence on sprout surfaces [41,97]. their ability to
produce muliiple antimicrobial agents including  bacteriocins, hydrogen
peroxide, and organie acids in yifre, their extensive use in-the food industry
for fermentation, and ther lack -of known pathogenicity [951 A strain of
Lactecoceus lactis inhibilory in vitro against Listeria monocyfogenes due to acid
production was tested for control of the pathogen when the two bacleria were
co-inoculated onto alfalfa seed before sprouting [98}. Results indicated thatthe
strain was much less inhibitory towards the pathogen in situ. than in vifro,
reducing pathogen populations on the sprouts by only ! login. In a second
study on LAB, Wilderdyke er af. [99] found that of 38 isolates of LAB isolated
from alfalfa seeds and sprouts, 32 were inhibitory towards the three pathogens
salmonella, F. cofi O183T:HT, and Listerio monocytpgenes tn agar spot tests. One
straln of Lactococcus factls subsp. lacris was particularly inhibitory towards all
three pathogens on agar media and in broth culture. The same group reported
a significant reduction in populations of Livieria monocytogenes on alfalis
sprouts after application of a strain of LAB 1 the seed soak solution {1001,
A commercial product containing a lactic acid bacterium is available in Japan
for controlling E. ¢oli O137:H7 on Daikon radish sprouis [101]. This product
is to be spraved onto seeds and sprouts several times during the sprouting
process. In our laboratory, we have tested hundreds of plant-associated bac-
teria, primarily isolated from sprout surfaces, for their ability to inhibit growth
of salmoneila inoculated to allalfa. seed in small-scale laboratory bicassays
[102]. Of these, a few isolates (none are LAB) have been identified that consis-
tently rednce growth by several logyo units i small-scale laboratory bloassays.
Currently, the cffectiveness of these antagonists is being evaluated in larger
scale experiments and studics on their mode of action are also underway.

More thun a single antagonist may be required for controlling pathogens
on germinating seeds of various sprout types due to compositional differences
in the native microflora [103]. Treating artilicially contaminated alfalfa seed
with a novel purified bacteriocin, colicin HU194, led to reductions ranging
from 3 logy CFU/fg to complete climination of £, cofi G137 H7. Elficacy was
dependent on the particular strain of E. coli O157:H7 used for sced 1noculation
[104]. Bacteriophages are also being researched as a possible antimicrobial
intervention for application to sprout seed [105], Biclogical control agents may
also be useful for reducing spoilage caused by soft-rotting bacteria [106}.

8.4 INTERVENTIONS: SPROUTS

A variety of antimicrobial chemicals have heen tested as additives to sprout
irrigation water for the purpose of preventing ot reducing the growth of
native microflora and bacterial human pathogens. A study in our laboratory
indicated that addition. of H,0,, Tsanami®, acidified NaClO,, Aguatize'™
(Bioxy, Raleigh, NG EDTA, NaPGy, and NaOCl at varying concentrations
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to the irrigation water did not reduce the populations of the native micro-
flora on alfala sprouts grown in a commercial-gcale tray system by more than
approximately 1 logye without evidence of phytotoxicity {107]. Piernas and
Guiraud [108] reported - that spray irrigation of ifray-grown rice sprouts
with chlorinated water (106 mg/l) every 6 hours was not effective in reducing
populations ot total aerobic hacteria, 8. cereus, or L. innocuo. Daily spraving
of alfalfa sprouts grown from artificially inoculated seed with chlorine (100 mg/D
led to reduction of less than 2 loggg in the population of salmonella at day
4 of sprouting [51]. Daily trrigation with CIO, (100 mg/h) did not-reduce the
population of total acrobic bacteria on alfalfa sprouts grown in trays, but-did
reduce populations of V. ehelera up to 2 logyq when sprouts were-grown from
seed inoculated with the pathogen {32]. A reduction of 4 logyy for total coli-
forms was obtained for mung bean sprouts that were subject to irrigation with
0.2 ppm gascous ozone.and 0.3 to 0.5 mg/1 of ozonated water at days 4 to 7 of
sprouting [105]. Rinsing of inoculated alfalfa seed growing in plastic jars with
agueons CIO, (25 me/l) or ozonated water (U.27 mg/ly after 48 or 72 hours of
sprouting was ineffective in reducing populations. of £0 cofi O157:HT [92).
However, rinsing with thyme ol (5.6 mg/l) alone-or in sequence with ClOy and
oronated water led to reductions of up to 2 logyg in pathogen populations when
carried cut-at 24 and 48 hours into the sprouting process. None of the rinsing
troatments were . effective at 72 hours, ‘however. Rinsing with water was
ineffeetive at all Ume points, Taorming and Beychat [110] weted a variety of
aqueous. antimicrobial chemicals as spray tfreatments for reducing or climi-
nating £ coli O157:H7 from the surface of growing alfal{a sprouts. None of the
chemicals were effective for reducing pathogen populations and only acidified
NaQOCL (1200 ppm) controlled the growth of thepathogen. A complication of
addition of antibacterial compounds to the irrigation water is that any patho-
gens present n the spent irrigation water may be killed, but viable pathogen
populations may remain on the sprouts rendering the testing of spent irrigatioﬂ
water for viable paihoﬁem meaningless {4

Several postharvest treafments for reducing the populatmm ‘of native
microbes-and pathogens have been examined. Water rinses arc not highly
cffective in reducing microbes on sprouts with resultant populaton reductions
of 1 log or doss 3139, 110,11 A Z-nunute treatment with aqueous. bzone
{23 ppm} did nol reduce the population of acrobic microorganisms on alfalfa
sprouts [75]. Dipping in hot water (60°C) for 30 seconds led 1o a reduction
of 2 logyy in the population of total microbes on soybean sprouls (112} and
a similar treatment for 5 minutes led to a reduction of 5 logyg inagrobic
plate counts on rice sprouts {113} Blanching in hot water (90 C, 1 minute) was
reported to reduce microbial counts by 3 logyp units for mung bean sprouts
1111 Rinsing of mung bean sprouts in | and 2% lactic-or acetic acid reduced
the native microflora by less than 2 log,e [1 111 Treatment of rice sprouts with
chlorine (100 mg/D) for up to 10 minutes decreased aerobic plate counts by only
1.5 logys 1111 Treatment (10 munutes) of mnoculated mung- bean sprouts
with chlorous deid (HICIOy; 268.ppm), NaOCt (200 ppm), or lactic acid (2%)
resulted in a maximum reduction of 1 logy for totalaerobes [114] .
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Blanching in hot water (100°C, 30 scconds) did not eliminate £. cofi
O157:H7 from alfalfa sprouts [115]. Treatment (10 minutes) of alfalfa sprouts
with EQ: water (84 mg/l of available chlorine) in conjunction with sonication
led to a reduction of 1.5 logye in the population of satmonella {116]. Trcatment
(64 minutes) with BO water (50-mg/l.of available chlorine) resulted in a
reduction of 3 logye of E. cofi O157:H7 on alfalfa sprouts without any reported
changes in appearance [117]. Agueous ozone treatments {maximum conoen-
tration of 20 to 23 ppm. treatment time of 20 to 64 minutes) of alfalla sprouts
led to a maximum populalion reduction of approximately 1 to 2 logg, for
L. monoeytogenes and E. coli O157T:HT, respectively {75,118} The greatest log
reductions reported for a posthurvest agueous chemical treatment were for
HCIO,. Treatment (10 minutes) of inoculated mung bean sprouts with HCIO-
(268 ppm) resulted in a reduction of approximately 5 logy of salmenelia
and L. monocytogenes. Lactic acid (2%) was also tested in this study, but was
kess cffoctive [114]. Exposure of inoculated alfalfa sprouts to gaseous acetic acid
or allyl isothiocyanate vapor led to significant reductions in the population
of salmonella, but also led to undesirable changes in sensory quality [56].

Most likely the only postharvest treatment able to inactivate pathogens
that have been internalized into sprouts during the growing proeess is irradi-
ation. A postharvest trealment with gamma radiation at 2 kGy rextended the
shelf tife of alfalfa and broccoli sprouts by 10 days due to significant decreases
in the native microflora [72,88]. Doses up to 2.6 kGy did not significantly
change the appearance or nutrient quality of alfaifa sprouts [118]. Saimonella
was eliminated from alfalfa sprouts grown from maturally contaminated seed
when exposed to gamma radiation at a minimum dose of 0.5 kGy [120].
Trradiation of inoculated alfalfa sprouts with 3.3 kGy of beta radiation
{eleciron beam) eliminated L. mionocytogenes without an adverse effect on
quality [121].

8.5 REDUCING THE RISK OF FUTURE OUTBREAKS

Several steps can be takent to-minimize the risk of future sprout-related
outhraaks of foodborne ilness including the use of good agricultural practices
(GAPs) during the production of sprouting seed as detailed in several recent
government, university, and produce organization publications [122-124].
Sprout seed is obtained from plants grown in the open field and thus subject to
potential contamination by nonpetable irrigation water, manure, domestic and
wild animals, birds, farm machinery, and farm workers. To the author’s
knowledge, there are no fields in the U.S. or elsewhere designated solely for the
production of seed destined for use by sprout growers. Settings on harvesting
machinery should be such as to minimize damage to the:seed. Cross contami-
nation between clean and contaminated lots of harvested seed can occur in
seed cleaning (conditioning) facilities and also when lots of seed are mixed
before packaging and distribution. Several salmonella serovars were detected
in the waste streams of a sead-cleaning machine in & U.S. allalfa seed-cleaning
facility indicating thie presence of salmonelia in the loeal alfalia fields where

R7563-14



Interventions to Ensure the Microbial Safety of Sprouts

the sced originated. [125) Seed-cléaning  machines should be thoroughly
cleaned and sanitized before and between lois of seed destined for sprouting.
Seed scarification has been used -historically 1o increase the germinability of
seed lots that contain a significant amount of hard seed. Scarification involves
the mechanical abrasion of the seed ¢oat to-allow forentry of water facilitating
germitation. Damage tothe seed coat may make elimination -of bacterial
pathogens by treatment with chemical sanitizers more difficult [62,817 and
probably should be avoided i possible. There is also the potential for contami-
nation during transit-and storage of seed as well as during seed germination,
growth, and harvest. :

Commercial sprout growers need (o follow good manufacturing practices
{GMPs) and bave written standard. sanitation operating procedures. {SS0Ps)
and 4 hazard analysis and eritical eontrol point {HIACCP) plan in place [126].
Growers should be thoroughly familiar with the recomumendafions. contained
in the FDA guidance decuments which include detailed methods for testing of
spént irrigation water forsalmonella and £, coli Q157:H7 [53]. Seed should be
of high quality and all bags of seed should be inspected for evidence of rodent
activity. {gnawed holes and presence of urine stains using-a blacklight).
Thorough testing of all lots of sprout seed for bacterial pathogens is desirable
and should reduce the risk of sprout-related outbreaks of foodborne disease,
A sampling and testing protocol for use with sprout seed for human pathogens
has been proposed {127] However, due lo the sporadic and low leve]l of
contamination with human pathogens often encountered, a negative sample
test canuot guarantee that the entire lot is pathogen free, Thus, an effective,
approved seed-sanitizing step should be applied by the grower, and the spent
irrigation water or. sprouts should be tested for the presence of pathogens.
[rrigation water needs to be of high quality and the use of well water alkso
requires regular testing for adequate levels of residual chlorine. Postharvest
contamination of sprouts can occur during transit, storage, display, and by
cross confamination in restaurant or home kitchens and adeguate precastions
need to be taken.

8.6 RESEARCH NEEDS

Despite considerable rescarch offorts towards the dovelopment of sprodt seod-
sanitizing methods there is still a need- for highly effective, ow-cost, easily
implemented, and envirorimentally benign seed-sanitizing strategies that can be
used by organic and conventional sprout growers. The use of 20,000 ppm
Ca{OCh); presents worker and environmaental safety concerns, may not always
be effective in eliminating human pathobgens from contaminatéd seed lots
under commercial practice, and can be highly detrimental to the germination
capacity of some seed types [65] The potential lor internalization of bacterial
human pathogens nto sprouts during germination and. growth from conta-
minated sprouting seed has been demonsirated, but the location of pathogens
on naturally contaminated seed is still not known. Are the pathogens solely
surfaceborne, sometimes entering into cracks and-natural openinegs-such as
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the hilum and micropyle in the seed coat, or are they also present internally
in the seed coat as are some seedborne plant pathogenic bacteria [128]7 The
optimization and commerciatization of biological control agents for use on
sprouting seed as an alternative {o chemical sanitizers is highly desirable

The eeclogy of human m?hugws on sprayits 18 not well defined and several
questions remain unanswered. Are pathogens. capable of forming biofilms og
sprout surtaces or can they become part of biofilms. formed by the native
microflora making thewr eradication more problematic? What microbial cell
surface components (e.g., curli, fimbriae, flagella, and extracellular poly-
saccharides such ag colanic acid and cellulose) are important for the -initial
attachment to plant surfaces and subsequent biofilm [ormation? Does the plant
react in any way o the presence of pathogens on surfaces or in intérnal tissues?
Could sprout seed cultivars be developed that release high levels of antibae-
terial compounds upon germination that might inhibil growth and survival of
pathogens? -

Further research ‘in the arcas mentioned above should assist in. the
development of improved sirategies for reducing the tisk of future foodborne
outbreaks allowing for greater consumer confidence in the microbiological
safety of sprouts and ensuring the survival of a strong sprout industry
worldwide. Intervention strategies developed for seeds and sprouts may also be
applicable to ensuring the microbiological caiet} of other types of produce.
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